Platelet counts were performed in 43 Cavalier King Charles Spaniels (CKCS, a breed predisposed to macrothrombocytopenia) and in 10 control dogs using 3 automated systems and 3 manual methods (erythrocytelysing agents ϩ counting chamber or evaluation of blood smear). Good correlations were found between platelet counts using all methods (all P Ͻ 0.0001; R 2 ϭ 0.71-0.85). Best correlations were found between the manual methods. Significantly larger platelets were found in CKCS with platelet count Յ100,000/l when compared with control dogs and CKCS with platelet count Ͼ100,000/l (both P Ͻ 0.0001). All platelet counts-except when made with the 2 counting chamber methods-were underestimated at platelet counts Յ100,000/l.
Recently, macrothrombocytopenia in Cavalier King Charles Spaniels (CKCS), i.e., enlarged platelets and thrombocytopenia ( Fig. 1) , was found to be inherited in an autosomal recessive manner. 10 Approximately one third of clinically healthy CKCS have platelet counts Յ100,000/l. 4, 9, 10 Manually performed platelet counts are recommended in CKCS with macrothrombocytopenia because automated cell counting systems cannot distinguish enlarged platelets from red blood cells and thus underestimates platelet counts. 2, 4, 9 Different manual methods are available for determining platelet counts, including evaluation of blood smears and methods using erythrocyte-lysing agents followed by platelet counting in a counting chamber. 4, 7, 12 Manual methods, however, are time-consuming and dependent of the skill of the operator. 7 Furthermore, a rapid evaluation of platelet count is desirable for studies of platelet aggregation, in which fresh blood is essential for reliable results and platelet concentrations must be standardized. 3, 9 In addition, automated systems determine parameters such as mean platelet volume.
Several automated cell counting systems using different techniques are available for determining platelet counts in whole blood. 7 Impedance analyzers dilute blood cells in an electrically conductant medium and pass the cells through a small aperture between 2 electrodes. A change in electrical impedance that is proportional to the size of the cell is generated every time a cell passes the aperture. Platelet count measured with flow cytometers often is based on interruptions in a light (laser) beam, and change in light scatter give information about the size of the cell. Thus, platelets and red blood cells are separated on the basis of size in impedance analyzers as well as in some flow cytometers. In most analyzers, the different cell types are identified by using fixed settings of size. Some analyzers, however, are able to define the site limits on the basis of the distribution of cells in the given sample. Finally, flow cytometers are able to From obtain precise platelet counts using specific platelet antibodies and color indicators.
The inverse relation between platelet count and platelet size in CKCS has been described. 2, 9 A precise measurement of platelet size in a large group of CKCS, however, has not been published previously, and it is not known whether CKCS with and without thrombocytopenia describe 2 distinct groups with different platelet size. Platelet size is also interesting because macrothrombocytes are found to have increased functional capacity. 6 Moreover, an accurate assessment of platelet count is important because severe thrombocytopenia is a cause of spontaneous hemorrhage in dogs, and mild to moderate thrombocytopenia can be an important diagnostic sign of other diseases such as occult inflammation and neoplasia. 5, 13 This study compared different manual and automated methods to determine platelet count in dogs with and without macrothrombocytopenia. In addition, the relationship between platelet size and platelet count is evaluated.
The study included 43 CKCS (20 males and 23 females) and 10 control dogs (4 males and 6 females; 1 Bearded Collie, 1 Golden Retriever, 3 Labrador Retrievers, 2 Pembroke Welsh Corgies, 1 Siberian Husky, 1 St. Bernard, and 1 Wirehaired Dachshund), all between 1 and 10 years of age. The dogs were privately owned, and none of them had history of any disease or received medications. Fecal specimens were examined to ensure that none of the dogs were infected with Crenosoma vulpis or Angiostrongylus vasorum (which is found in approximately 3% of dogs in certain areas around Copenhagen, Denmark) by using the Baerman technique.
Blood was collected from the jugular vein using a syringe and a needle, with the dogs in sitting position. Within 20 seconds from blood sampling, blood was transferred to a tube containing ethylenediaminetetraacetic acid (EDTA), and within 4 hours a whole-blood count was performed using 3 different automated cell counting systems: Cell-Dyn 3500, a Ca530 Vet, b and MS4. c The Cell-Dyn 3500 is a flow cytometer, which uses the impedance technology when determining platelet count. The Ca530 Vet and MS4 are both impedance analyzers. Cell-Dyn 3500 and MS4 use fixed limits of cell size, whereas Ca530 Vet identifies cell types on the basis of the size distribution of the cells in the samples.
The platelets were also counted manually by using 3 dif- ferent microscopic methods: Unopette Microcollection System, d the stromatol e method, and evaluation of blood smears. 4, 7, 12 In the Unopette method, 20 l of EDTA-anticoagulated blood was mixed with 1.98 ml of a solution containing ammonium oxalate within 4 hours from blood sampling. After erythrocyte hemolysis (minimum 10 minutes but within 3 hours), platelets were counted manually in a Bürker Türk counting chamber 10 minutes after platelet settling as a single assay by 1 of the authors. Both subchambers of the counting chamber were counted to obtain an average count. In the microscope, reduced bright light and lowered condenser were used to make it easier to identify platelets. In the stromatol method, as previously described, 4 20 l of the EDTA-anticoagulated blood was mixed with 380 l stromalytic agent, e before the platelets were counted in a Bürker Türk counting chamber (within 24 hours). A stromatol platelet count was only obtained from 20 dogs (including 2 control dogs). Finally, the platelet count was determined from blood smears (EDTA-anticoagulated blood), by counting the number of platelets per field (100ϫ objective ϭ 1,000ϫ magnification) in the monolayer (averaging 10 light fields) and multiplying with 15,000. 11 The platelet size was measured in the red cell area (defined as the area where red blood cells lie separately but closer than the size of 1 red blood cell) 11 from smears of the EDTA-anticoagulated blood. Maximum height and width of 50 platelets were measured in increments of 0.5 m using a monitor connected to the microscope (1,000ϫ magnification). Platelet size was calculated as the average of maximum height and width, and a median platelet size was calculated for each dog.
Statistical calculations were performed using statistical software. f The point of significance was chosen as P Ͻ 0.05. Simple linear regression and difference plots were used to compare the Unopette platelet count with the other manual and automated platelet counts. 1 In addition, it was tested whether the differences from the Unopette platelet count on average were 0 by using a paired t-test or Wilcoxon signed rank test as appropriate. Moreover, simple linear regression was used to evaluate whether the differences changed with platelet count. In addition, differences in median platelet size among CKCS with platelet counts Ͼ100,000/l, CKCS with platelet counts Յ100,000/l, and control dogs were evaluated by using t-test.
Among the 43 CKCS, 15 (35%) had Unopette platelet counts Յ100,000/l. None of the dogs had abnormalities on serum biochemistry, and all dogs had erythrocyte counts and leukocyte counts within the reference range. 8 A cardiac murmur was found in 19 of the 43 CKCS, but no other signs of cardiac or systemic disease were found. In general, good correlations were found between the different methods (all P Ͻ 0.0001; R 2 ϭ 0.71-0.85). Difference plots, however, demonstrated that all 3 automatic systems as well as the blood smear method underestimated platelet counts in CKCS with Ͻ100,000 platelets/l (Fig. 2) . On average, compared with the Unopette platelet counts, Cell-Dyn and MS4 overestimated the platelet counts (P ϭ 0.0004 [average difference ϭ 63,000/l] and P Ͻ 0.0001 [average difference ϭ 89,000/l], respectively), and the differences were positively related to platelet count (P ϭ 0.0007 and P Ͻ 0.0001, respectively). In contrast, the differences between Ca530 Vet and Unopette were not significantly different from 0 (P ϭ 0.41) and did not relate to platelet count (P ϭ 0.21) (Fig.  2B) . The best correlations were found between the manual platelet counts. The stromatol method only included 20 dogs (regression equation: stromatol platelet count [ϫ10 3 /l] ϭ 24.1 ϩ 0.71 ϫ Unopette platelet count [ϫ10 3 /l]; R 2 ϭ 0.85) (data not shown). The stromatol and blood smear method, however, on average gave slightly lower platelet counts than the Unopette method (P ϭ 0.04 [average difference ϭ 15,000/l] and P Ͻ 0.0001 [average difference ϭ 29,000/ l], respectively), and differences correlated inversely with platelet count (P ϭ 0.004 and P Ͻ 0.0001, respectively). The CKCS with platelet count Յ100,000/l had larger median platelet size (4.1 Ϯ 0.7 m [x Ϯ SD]) than CKCS with platelet count Ͻ100,000/l (3.0 Ϯ 0.6 m [x Ϯ SD]) and control dogs (2.6 Ϯ 0.4 m [x Ϯ SD]) (both P Ͻ 0.0001). An exact borderline with regard to platelet count distinguishing CKCS with macrothrombocytopenia from CKCS without was difficult to define because a few CKCS with platelet counts Ͼ100,000/l also had large platelets. However, no significant difference in platelet size was found between the group of CKCS with platelet count Ͼ100,000/l and the control dogs (P ϭ 0.10).
Taken together, good correlations were found in this study between the different automatic and manual methods to determine platelet counts. All methods, except the 2 counting chamber methods, however, underestimated the platelet counts in CKCS with Յ100,000 platelets/l. Among the automated methods, the Ca530 Vet had the best correlation with the Unopette counting chamber method, possibly because this analyzer identifies the cell types on basis of the size distribution of cells in the sample.
In this study, the study conditions were highly standardized. First, all dogs were clinically healthy. Second, an accurate measurement of platelet size was performed because the platelet size was measured on the basis of 2 dimensions. It was decided to use EDTA-anticoagulated blood for these measurements because EDTA is widely used clinically. It is known that EDTA induces platelet shape changes, although these changes appear to be small compared with the variation among dogs. 14 Erroneously low platelet counts measured by automated cell counting systems in CKCS with low platelet counts have been described previously in studies using flow cytometer (Cell-Dyn 3500) and other impedance analyzers. 2, 4, 9 The impedance analyzer b that identifies cells on the basis of the distribution of cell sizes in the sample was the automated system that correlated best with the reference method in this study. However, a marked underestimation at low platelet counts was still seen. Similar problems with automated analysis are also reported from cats because a significant overlap in size between platelets and red blood cells exists in this species. 15 Interestingly, a recent study demonstrated that a modified flow cytometric method was able to count and size platelets in cats on basis of size and refractive index. 15 That method in addition yielded a new interesting parameter: mean platelet component concentration, which was related to platelet activation state. 15 The manual estimation of platelet count from blood smear correlated better with the Unopette platelet count than the automated cell counting systems. This method, however, also seemed to underestimate the counts at low platelet concentrations, possibly because enlarged platelets tend to be localized in the feathered end of the smear in CKCS with macrothrombocytopenia (Olsen H, unpublished data). Different guidelines for estimating platelet count from blood smears are reported. 11, 12 For example, 1 method, different from the method used in this study, is to multiply the number of platelets per 100ϫ objective field in the red cell area with 19,560 and to add 5,340. 12 This alternative calculation, however, would not have changed the findings in this study markedly. The quality of the blood smear plays an important role in the estimation of platelet count from blood smears because it requires technical expertise to obtain a useful monolayer of cells. 7 A microscopic evaluation of a blood smear is recommended in thrombocytopenic dogs to rule out the presence of platelet aggregates and changed platelet morphology because it can influence the automated platelet counts significantly. 5, 7, 15 An optimal cutoff value of platelet count for identifying macrothrombocytopenia in CKCS was not found in this study. Practically all CKCS with platelet counts Յ100,000/ l had median platelet size larger than 3.5 m. This is in accordance with previous findings that 100,000 platelets/l is a useful lower limit when describing inheritance of the condition and differences in platelet aggregation response. 9, 10 The slightly higher variation in median platelet size found in CKCS with platelet counts Ͼ100,000/l than in control dogs might reflect that many of these CKCS are carriers (heterozygotes) of the condition. 10 However, further family studies are needed to clarify platelet differences, including differences in count and size, between noncarriers and heterozygotes.
Currently, no fast methods are able to determine platelet count and platelet function in CKCS with macrothrombocytopenia. Estimation of platelet counts from blood smear appeared to be a reliable fast manual method, although this method, as well as all automated methods evaluated, underestimated the platelet count in dogs with macrothrombocytopenia. Among the automated methods, the method identifying cell types on the basis of the size distribution of cells in the sample correlated best with the reference counting chamber method.
